This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




ELSEVIER 



journal or Neuroselence Motto* « dW MS - ,S2 



JOURNAL OF 
NEUR0SC1EN0E 
METHODS 

wwv.clsevier.com/locaic/jncuinetti 



proved UpidWiated f"^£*gT cans and 
primary glial cells using FuOene 

Brttina Wiesenhofer. Walter A. Kaufmann, Christian Humpd * 



1. Introduction 
Ncurodegcncration play* a major role to several hu- 

'ZJSt^m. The gene t«-^e^ 
five molecules may offer a potent method t rescue 
damaged neuron in the ^ ^f,?? 
.«<! Gaoe 1993: Rldet and Pnvat, 1995; KarpaU el ai., 
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Several methods have been described to mtroduce genes 
into mammalian cells in vitro and - vivo: caelum 
phosphate precipitation, miorotuecuon, electropora- 
K^ptJr-mSuatcd gene transfer gone ^ ^ 
vectors, and lipofecrion (Murray, 1991). Although no 
Snfque has been proven to be most ^suitable , for m 
vivo gene therapy, lipofection appears to be a prorms- 
me mrthod (Blaise et al., 1993; Suhr and Gage 1993, 
?SlS2d Ray, 1994; Ud*. 1995; Ridet and Pnvat, 
1995; Cattaneo et al.. 1»6; Karpati et aL, 1996). 

Liposome-mcdiatcd transfeciion *t 
simile and powerful technique to introduce DNA Ujo 
mTmmSa/cdls (Feigner et al., 1987: Hug and Sleight, 
So? Lasic and rapahadjopouloe. 1995). liposomes 
r P o»cLnic lipids, which 5-« Y^JSS? 
and Vidly with polyanions such as DNA and I MJA. 
resulting to liposome/polynucleotide complexes 
SeCcr .t 1987). The resulting polycatiomc com- 
fuse wtth the anionic surface of cells, dehvermg 
SSTa* via endocytosis The 
of DNA into the nucleus is not fully understood. 

rifjhu reserved. 
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Several liposome reagents are coir^crcially available 
and w . h?Sd for gS transfer. Recently, we ^ 
demonstrated that Lipofectamine™ is a po^» ; 

\a t« tron^sfter ecnciic informfiuon into cells oi xnc 
^S£2?y?aW*et al.. 1998). However, 
S tu Txoxk at higher concentrations works onty 
ZiZ serum, and docs not successfully 
DNA into primary glial cells as well as in y,vo Thus 
£e*im of the present study was to examine if other 
^riy^ilable lipids, and «?^\^* r 
compound FvGcne™, may enhance gene transfer or 
Reporter gene beta-galactosidasc mto Cd glioma 
cells and cultured primary glial cells. 



2. Materials and methods 

2.1. DNA plasmids 

For all Upofection experiments the expression-vector 
P EF neo carrying the reporter gene HpJ^J^ 
Ssed The ft-galactosidase gene was subcloned uito a 
untueNorf rite under the octroi of the strong human 
eWation factor-l* promoter (Mizusmma »>»d N,- 
tS 1W0). Plasmld DNA was purified usmg the Quia- 
gen plasmid purification kit. 

12. C6 glioma ceils 

C6 glioma cells were cultured at 37'C in 5% COjjn 
cuhure medium (10% fetal calf scnun. P^ ^ou 
antlbiotics/antimycotics) and trypsuuzed two times/ 

week. 

2.3. Primary glia cells 

Nunc plates were pre-prcpared by * 
weUslSth 0 5 mg/ml poly-DL-omithine for 1 h at room 
2 P e«*u« : Thin the solution was aspirated and the 
2 were incubated with cell ^« « d "» l g£ 
horse serum, 0.5% FCS, in optuneml) until use. The 
Sole brVins of newborn PO rats were dissected, washed 

in PBS + 4 mg/ml DNasel, ^J5J^^^£? 
at 37 8 C (0 25% trypsin in Ca J+ /Mg 2+ -free butler;. 
After Edition of 5 ml inactivated horse serum + 4 
mg/ml DNasel, the cells were triturated 20-30 m 
Sough a small fire-polished glacs pipette. Cells 
were Siert triturated through different wide pore 
Sles (0.8-0.4 mm diameter) two times °ach and 
filtered twice through a 70 urn nylon mesh. The cell 
numSr was counted and an aliquot of this cell suspen- 
S waHdded (1500 cells/mm 2 ) to the P"-p«Pared 
3s Twice a week fresh medium was added to the 
cells. 



FuGene^is a proprietary blend of lipids 
mal formulation) and other compounds in 80% ethanoL 
Cells (10000 eclls/16 mm welD were incubated 
overnight in medium withoui ^tibioti^/ant^y^Uc^ 
To prepare the Hpid-DNA complex, 3 ul 
(FuSJe; Boehringer Mannheim. Austria) was diluted 
n optimcml (Gibco/Llfetech). After incubation for 15 
min P at room temperature, 450 ^ « -*WJ 
™ded, mi*ed, and incubated at least for 15 mm at 
37»C The cells were washed two nines in prewarmcd 
optimeml. and then the lipid-DNA r-uxwa^ carcftdly 
(drop by drop) added xo the cells. The alls were 
incuLted for 8 h at 37"C/5% CO, with the hpid-DNA 
complex, then the solution was aspirated, J»» 
medium was applied. Cells were normally incubated 2 
davs at 37'C/ 5% CO a in an incubator. Lipofcction 
with the other commeraaUy-available lipids Lipofec- 
Smi„e- (Oibco/Lifeteoh), DOSPER™ (Boehrmger 
Mannheim Germany), Superfect™ (Quiagen) and Es- 
cort™ (Sigma. St Louis, MO, USA) was performed 
according to the manufacturers instructions. 

2.5. Trypan blue staining 

To determine cell viability as a result of lipid toxicity, 
trvoan blue staining was performed. Briefly, cells were 
3EE PBS, Jn mcubated in 15 
blue solution (in PBS) for 5 mm at 37 C. CeUs jwere 
washed 3* with PBS, airdrled and mounted m 
Gntellan. 



2.6. X-gal staining 

Cells were rinsed in 100 mM PBS and then incu- 
bated cxaedy for 5 min on ice with 1 ml fixation 
SStoTS* paraformaldehyde and 0.2% ^utarsdd^ 
hvde in PBS). Cells were washed in PBS, and incubated 
SvernSht ax 37«C with 1 mg/ml 5-bromocMorc^-in- 
dolvl-0%-galactopyranoside (X-gal) to color solution (5 

MgClJ6H 2 0, PBS). X-gal was resuspended in N-N- 
dimcthyl-formamide before dilution with color solu- 
tion. Cells were washed in distilled water, airdncd, and 
mounted in Entcllan. 

2.7. Immunahistochemtstry 

Immunohistochemistry using the avidln-biotin gain- 
ing technique was performed (Humpel et al 199Q. 
Cells were washed with 100 mM PBS, fixed I for 5 min 
with 4% paraformaldehyde, rinsed 3 x ui PBS for 10 
ZS at room temperature and predated 30 min wtth 
STmCthanol/0.3% HPj/PBS. Then the cella were 
rinsed again L PBS, blocked with )0% horse serum/ 



255 white. To obtain specific values, unspecinc baok- 
-roand values were subtracted from the detected spe- 
cific signal. Multistatistical analysis ^ 
one way ANOVA with subsequent Fisher 
posthoc test. 



p«s and then incubated with the primary antiserum 
fcFA? 1*0 V. St Louis. MO, USA) » 
XTxXr overnight at room temperature. Sections were 
SSSSSd incubated with secondary ant,-rabbx 
wfnvlated antibody (1:200. Vectastam) for 1 h at 

airdried and mounted in Entellan. hor p &»™ 
fmmunohUtochcmUtry, cells were postfixed for 5 mm 
32V paraformaldchydc/PBS, rmsed in PBS pre- 
Scd as described above, and mcubaied with * 

^agS 2d processed for DAB detection as desenbed 
above. 

2.8. Quantitative measurements 

!£Lt, aro«e P™ TO' Software «»»««^ «° 
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3. Results 

3.i. Pijfereni lipids 

By testing different commercially-avaUable lipids 
fLioofecaminc, Dosper, FuGene, Escort, Superfect), it 
SjtoStoi Fu P Gcne was by far *e ™« potent 
compound to transfer DNA into Co glioma °f » J** 
1) Under all three conditions (with and w,thout serum, 
ow and high lipid concentration) FuGene was better 
TtCother liiuds (Pig, 1). Upofcctaminc and Bjg£ 
seemed to be toxic at higher lipid concentrations (Fig- 

*>• 

5 .2. Cell viability 

When comparing Upofectamine and 
their ability to be toxic for C6 cells, it was ***** 
Lipofectamine started to become towc at a ««e«trj. 
KoMO-12 us/ml, however. FuGene ^ «ot s.gnuV 
cantly affect cell viabUity. even at a concentration of 14 
ul/ml medium (Fig. 2). 

3.3. Optimal standard conditions 

To optimize FuGene-mediated parameters, different 
lipid concentrations were tested with a constant DNA 
concentration (DMA = 0-2 ug/ml). The lipid conccntra- 
tion was found to be optimal at concentrations of >3 
TfKmN medium and did not markedly affect 
^transfer efficiency up to «. Mf JUO«^ »^JJ 
fFie 3A) Using the optimal hpid concentration (3.4 
vtn tKe DNA/FuGene ratio was tested. The optimal 
K/S S^ found to be between 100. and 
?60 ng DNA per 1 ul FuGene (Fig. m*> efficiency 
was dramatically decreased at lower ratios (< 50 ng 
5nA/1 »U FuGene) or at higher ratios ; (> W »g 
DNA/1 td FuGene). Under °P^ c0 u ndlUo ^' 
FuGene + 510 ng DNA per 1 ml) the opting 
Sy was tested: at least 20000 crcUs/l mm well *c 
necessary Tor optimal gene transfer f 3C) compared 
to Lipofcctamine. When cells were bpofectcd with dif- 
SrTcomplex intensities (U-l Ml 
DNA). it was found that 3x complexes (3 ul FuGene + 
450 ng DNA), sigmficantly enhanced gene-transfer eflU 
ciency (Fig. 3D). However, when higher complex 

.ransrer efficiencies were found wh*h seemed to b*a 
result of ccU detachment and toxicity (Fig. 3D), me 
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efficiency of gene transfer increased linearly when the 
S ^vL incubated with the Fu<*ne/DNA com- 
!£x*ad reached a maximum after 8 h, which tod not 
up to 50 h (Fig. 4A). The ex P= 
r&.gaLtosi«£e was found to reach a — 
Steady after 2 days and did not differ up to 7 days, 



however, it rapidly decreased after 8 days of ****** 
fFi* 4B). When gene-transfer expennients were per- 
formed on glass, the Hpofection efficiency was dranmb- 
Sly re du£l (Up to 6-umc. in C6 cells and up to 
36-umeS in primary glial cells). When 
ity of the lipid-DMA mixture, it was found that the 
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complex was stable at 37'C for at least 1 day indepen- 
52! rf the preparation in wells or Bppendorf tubes 
dent ot tne prcp«» W1 ,j f complex 

(Table 1). However. W 1 B, fJ» *f, day , at 
markedly decreased when incubated for 2-3 aays 

wWch was more pronounced when prepared in 
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Values nn; 6»vgn us tbo «»n ± s»tM a b*» 
well W» 3-6), 



Table I . a 

SiabilUy of the Hpid-PNA complex-* 



Daye 



Well 



EPP 



0 

1 

2 
3 



3088 ±M 
2416 ±134 
1153*93 
261 i 130 



2822 ±77 
2715 ±96 
2495 ±144 
2076 ±131 



n.s. 



opilmeml and »ncub«od for u, i. j. oi J J DNA complex was 

ln p w c6 *» y -a-sr^ jais %«i o, *. 

.iihcr P »P»r«l In P°' y8 *"'* 7bW Values are eWcn as X-BM 
polypropylene^ Eppendorf rob~ (JW w M 7-13. 

tt »in«d ocllfi/16 mm weU. The » w™» , « * ANO VA wilh 

M**ri »T ri 7^D «f ^.n b d ?J? the differences 
rabS «QUCnl Fisher PUD ^ en ^My. 

between ihe »« »•»> p^™Ls L v^ll and Qppcndorf groups 

rssiwws^fi «u— 

Slgnincsni). 



wells (Table 1). Immunohistocheraical analysis revealed 
^nrOFAP-stairung in C6 glioma as woU as primary 
S cells (Fig 5A-C). Under optimal standard Upofec- 
ffSSSL^A strong p.galactosldase > express- 
Z rcST-— seen when visualized with X-gal staining 
(Kg 5D-F) or p-galactosidase inrniunohistochemrttry 

(Fig. 5G-J). 

3.4. Endotoxin-ftee DNA and boosting 

When C6 cells were tr&nsfected with endotown-free 
DNA under serum-ftee conditions 
ciencv was significantly enhanced (Fig. 6A). However. 
TSfL of »dotoxin-fr f DNA were abohShed un ; 
A*r serum-containing condiuons (Fig. 6A). When pn 
SrJ g?S cXwerc transfected on 3 consecutive £p 
fTo h each ('boosting') under serum-frce conditions, 
S. wJStan efficiency was significantly enhanced 
Xr, compared to standard (1 x 8 h condiuons (Fig. 
^StStadi^. DNA was used the tr^sfec- 
Sn efficiency was ^canttyjner^sed compared to 
normal (not endoioxin-lrce) DNA (Fig. 6B). 

3.5. Gene-transfer efficiencies 

All experiments with C6 cells were started with 
lOMO + l^cclU/16 mm well (N=10) a number 
w^TncreLd to 20500 ±1800 cells/ 16 mm weU 
J^uTSSrit*. After 8 h of lipofecuon and an 
lodiuonal incubation time of 48 h the total number^ 
cells/16 mm well was calculated aJ 57 000 ± 640U ecus/ 

was 5.1 ±0.3% under optimal 'booatmg' conditions. 



4. Discussion 

This study shows that the novel transaction _ reagent 
FuGene markedly enhanced gene f «™ rfi ? r » to to 
elloma cells and primary glial cells. It was found to be 
fmporuS to optimize %id and DNA concentrations as 
well u the expression and incubation nmes. The use of 
mghly-purffied endotoxin-free DNA signmcandy m- 
creased the gene- transfer efneiency. 

Stionic liposomc-mediated DNA transfer appears 
to be a promising method for CNS gene a-ansfer (Loe- 

t£ MdSr, iW » d Ra >' ^oflct'et'S 

Privat 1995^ Recently, we demonstrated (Koflcr ct at., 
wR Z ^ Liporectamine- was potent to transfer 
DNA into C6 glioma cells and primary glial cells, in 
SSo bu not irfvivo. The present study extends our 
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orevious findings and shows thai other lipids are 
?S cffSiv/to Lipofectamine™. but the novel lipid 
FuGene exhibited a marked advantage over the other 
compounds. Successful transfection it 
multiple experimental parameters, such as the quality of 
DNA nature of cell lines, contaminations, growth re- 
quirements, and other parameters. While the "P^ucv. 
bility with Upofcctamlne- was low, the "F^"* 
USinc FuGene was excellent. Hpwcver. optimization of 
FuGenc-mcdiated transfection parameters is necessary 
and critical, because the lipid-DNA ratio has a narrow 
window for optimal gene transfer. Our data show that 
WO low as well as too high DNA con^atms 
markedly decreased gene-transfer efficiency. This might 
be explained because an incorrect conception of 
polyanionic DNA may not form correct DNA-hpid 
complexes, SO that, e.g. the outer surface of the com- 
plex does not become polycatiomc and may loose the 
binding capability to the anionic surface ot ccU mem- 
branes. Also the property Of FUGene to deliver DNA in 
the presence of serum into the cells _i, • 
tagc over other lipids. This might allow to continuously 



incubate the cells with the transfection solution for a 

l ° Wh^Tiestrog the stability of the lipid-DNA com- 
plex, we observed no loss of activity for up to one day 
krat at 37°C. However, the activity decreased when the 
X was kept for more than 1-2 days at 37«C This 
decrease was more pronounced when the mix was pre- 
pared in wells compared to Eppcndorf tubes resulting 
in marked loss of gene-transfer activity when kept for 3 
days in wells. This seems to be because of the feet that 
wells arc not closed and that the diffusion rate * 
markedly higher than in closed Eppendorf tubes. Such 
a diffusion may change the lipid-DNA composition or 
alternatively oxidative damage of Upld-DNA may 
occur. 

While several Of the lipids, including Lipofectamine, 
are highly toxic at higher concentrations (Feigner et al.. 
1987- Kofler et al., 1998), FuGene did not exhibit any 
toxicity even at very high concentrations. That makes 
this lipid an important tool in gene delivery • m vivo. 
Although FuGene alone was not toxic up to 14 ul, tne 
lipid-DNA complex revealed an increased toxicity. 
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Tom^Ts linearly increased^ l-^^"*"* 
v,„wpvpx more than 3-times of the complex 
C2*S " mTrked detail of the ^ 
Som S pttri dishes. Complex intensities of about 7-8 
^induced fast cell death. This indicates that ^ 

mi* in oolystyrene (wells) and polypropylene (Eppen- 
^^S2^2di»icnJ were found on gene-transfer 
£L2» Hot ever, transection in glass chamber slides 

SET with these reports and highly suggest the use of 
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polystyrene petri dishes and plates for hposoroe-rned - 
Sed gene transfer. This is in line with our previous 
study (Kofler et al., 1998), where Upofcctatmne™ -as 
uVed W transfeot primary glial cells growing in glass 
chlbt slides, which revealed only a very low trans- 
fection efficiency. Thus, this observation » very impor- 
tant for performing in vivo gene-transfer experiments 
using glass micro syringes. 

Lipofection into primary cells has been -Jo*"* 
vcry P eomplicat«J and yielded jcry low trane fection 
efficiencies with LipofectamineTM (Kofler et al.. 1998). 
YanTct al. (1994) reported that approx. 1000 cells per 
^ mm weU of a \epto-hippocampal cell culture were 
transfected. a number we eould never reach * our 
previous study when using Lipofectamine (Kofler et ah, 
1998). Kaech et al. (1996) reported transfecuon efficien- 
cies of about 1-3% for primary hippocampal neurons 
I culture being more close to our previous results 
However, our present study shows that transfeCUOD of 
pr^rT gnal -lis using FuGene was markedly en- 
hanced and reached transection efficiencies of up to 
5 1% (appro*. 3000 cells/16 mm well). 

The protein expression after transaction with a cir- 
cular plasmid was maximal between 2 and 6 days after 
upofection but decreased rapidly 
transient transection. Such a tune course is in hne with 
oSs (Yang et al., 1994) and has afcc , been shown by 
us recently using Upofectamine™ (Kofler et 
Such a transient time course might be a major problem 
?o ' long-term gene therapy studies, where continuous 
effects of a specific protein of interest is expected. 

However, on the other »^ ™^^K«Sta 
better control over the transfected gene. ^hi^» 
unexpected side effects. The use or on-off gene exprcs 
fii on vectors, or cpisomal vectors, as well as hncar-uite- 
grating vectors may help to overcome the problems at 
transient expression. 

Endotoxins (also known as ^polysaccharides) are 
cell membrane components of gram-negative barter* 
such as Escherichia coli and are released during the lysis 
step of plaemid purification. Endotoxins can be woe n 
primary cells and may afreet gene transfer (Gotten et 
al 19941 in faei, it has been shown that up to 500 
endotoxin unitsMg DNA decreased *e «aj^ 
efficiency in 3T3 cells to 50% (White « aUW- Our 

data show, that the use of pure CT . d ° toX "- fre * c ^^ 
important in gene transfer, especially when using pn- 

may be that postnatal cells arc very sensitive against 
different toxic environments, while malignant tumor 
ccU STcs arc very resistant. In addition, wc show ttit 
%2 "can inhiS the effects found With endotoxm-frec 
DNA, which may indicate that serum itself contains 
endotoxins or other factor,, which negauvely affect the 
gene transfer. 
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'Boosting' is a technique where the transfeetion is 
amplS * application of the Upid-DNA mixon 3 
^secutivc days. Transfeetion was performed for 6 h 
und« scrum-free condition*, and followed mediately 
Z u overnight incubation b serum medium, which 
red^s XSih as a result of serum withdrawal. In 
Tact sucV a 'boosting' markedly enhanced the gene- 
Sn'sfer efficiency in primary cells. 1< j^M^SJ 
repeated lipofection enhances the chance to transfer 
^Cinto cells, which where not tranrfectcd dunug the 

*at the novel impound 
V^wSZto enhanced the gene : transfer when 
compared to other commercially-available lipids. Gcne- 
Sr efficiencies were highly dependent on the cor- 
™ lipid-DNA ratio and on using endoto*.«-fiec 
DNA. In conclusion. FuGene is a novel compound 
which has several advantages over Other conwercidl 
Sis and may be an important tool to transfer DNA 

neurodegenerative insults. 
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